The efficacy of low molecular weight heparin (LMWH) with low dose unfractionated heparin (UFH) during percutaneous coronary intervention (PCI) with or without glycoprotein (Gp) IIb/IIIa inhibitor compared to UFH with or without Gp IIb/IIIa inhibitor has not been elucidated. Between October 2005 and July 2007, 2,535 patients with ST elevation acute myocardial infarction (STEMI) undergoing PCI in the Korean Acute Myocardial Infarction Registry (KAMIR) were assigned to either of two groups: a group with Gp IIb/IIIa inhibitor (n=476) or a group without Gp IIb/IIIa inhibitor (n=2,059). These groups were further subdivided according to the use of LMWH with low dose UFH (n=219) or UFH alone (n=257). The primary end points were cardiac death or myocardial infarction during the 30 days after the registration. The primary end point occurred in 4.1% (9/219) 
INTRODUCTION
Several randomized large-scale studies have demonstrated that low molecular weight heparin (LMWH) is not inferior to unfractionated heparin (UFH) in the treatment of non-ST elevation acute myocardial infarction patients (1) (2) (3) . In ST-elevation acute myocardial infarction (STEMI) patients receiving fibrinolytic therapy, LMWH is known to be better than UFH (4) (5) (6) (7) .
Furthermore, the FINESSE trial (Facilitated Intervention with Enhanced Reperfusion Speed to Stop Events) demonstrated that enoxaparin is beneficial as a primary and facilitated percutaneous coronary intervention (PCI) (8) . However, the efficacy of LMWH compared to UFH with or without glycoprotein IIb/IIIa inhibitor (Gp IIb/IIIa inhibitor) has not yet been elucidated in patients with STEMI, though co-medication of UFH with Gp IIb/IIIa inhibitor has been demonstrated to attenuate platelet inhibition in a few studies (9) (10) (11) (12) .
The aim of this analysis of a non-randomized, prospective registry was to determine whether LMWH during PCI with Gp IIb/IIIa inhibitor for patients undergoing primary PCI was more beneficial than UFH with Gp IIb/IIIa inhibitor.
MATERIALS AND METHODS

Study population
KAMIR is a Korean, prospective, open, observational, multicenter, on-line registry of patients with acute myocardial infarction (AMI) started in November 2005 with support from the Korean Society of Cardiology. The 50 participating hospitals are capable of primary PCI. Details of the KAMIR have been published (13) (14) (15) (16) (17) (18) . From November 2005 to January 2008, 10,959 patients with a final diagnosis of AMI were enrolled in the KA-MIR. Of these patients, 3,739 patients with STEMI underwent primary or facilitated PCI; a total of 1,204 patients were excluded from the analysis because of missing data of the detailed use LMWH or UFH or timing of PCI data (Fig. 1) .
Patients with STEMI managed with primary PCI and Gp IIb/ IIIa inhibitor were divided into two groups; the two groups included patients managed with Gp IIb/IIIa inhibitor and LMWH during PCI (n=219) or patients managed with Gp IIb/IIIa inhibitor and UFH alone (n=257). Patients managed with primary PCI without Gp IIb/IIIa inhibitor were also divided into two groups; patients using LMWH during PCI (n=902) or patients using UFH alone (n=1,157).
ST-segment elevation MI was defined by new ST elevation in ≥2 contiguous leads, measuring >0.2 mV in leads V1 to V3, or 0.1 mV in all other leads. Primary PCI was defined as emergency PCI performed within 12 hr after admission. Most of the patients in the LMWH group received subcutaneous enoxaparin (Clexane ® ; Bristol-Myers Squibb, New York, USA and Sanofi-Aventis, Paris, France) 1 mg/kg B.i.d. for 3-5 days from the emergency room plus a reduced dose of UFH (50 U/kg). Patients of the UFH group received a bolus of UFH 5,000 U in the emergency room, and 50-70 U/kg were given during the primary PCI followed by 24,000 U/day infusions for 2 days. Platelet glycoprotein IIb/IIIa receptor blockers during the index PCI were used at the decision of the interventional cardiologists. All patients received a loading dose of 200-300 mg aspirin and 300-600 mg clopidogrel. Cilostazol as the third antiplatelet agent was left to the individual operator's decision. Epicardial coronary blood flow in the infarct-related artery before and after stent implantation was graded according to the classification used in the Thrombolysis In Myocardial Infarction (TIMI) trials. Successful PCI was defined as a residual stenosis <50% in diameter with final grade 3 TIMI flow.
Clinical endpoints
The primary endpoints of the study were cardiac death or recurrent MI during 30 days. The primary safety outcome was TIMI major bleeding. Secondary outcome measures included the incidence of cardiac death or recurrent MI at 14 days. 
Statistical analysis
RESULTS
Patient population
A total of 2,535 patients had STEMI managed with primary PCI (Fig. 1 Table 3 ]). Lesion types according to the American College of Cardiology/American Heart Association criteria were more complex in the UFH with Gp IIb/IIIa inhibitor group than in the LMWH with Gp IIb/IIIa inhibitor group (Table 3) .
Multivariate analysis
Use of LMWH was an independent predictor of mortality and Hazard ratio plots of independent predictors with the multivariable analyses for death or myocardial infarction in 30 days in UFH and LMWH groups with glycoprotein IIb/ IIIa inhibitor (A) and without glycoprotein IIb/IIIa inhibitor (B) in STEMI patients who underwent primary PCI. *Defined as coronary heart disease in first-degree male relative <55 yr old or coronary heart disease in first-degree female relative <65 yr old. LMWH, low molecular weight heparin; UFH, unfractionated heparin; STEMI, ST-elevation myocardial infarction; PCI, percutaneous coronary intervention. MI at 30 days in groups managed with primary PCI with Gp IIb/ IIIa inhibitor. High Killip score (≥3), and old age (≥75 yr) were also independent predictors of the primary end point in groups managed with primary PCI with and without Gp IIb/IIIa inhibitor (Fig. 3) .
Clinical outcomes
The primary end point occurred in 4.1% (9/ 
DISCUSSION
In the present study, the effectiveness of LMWH with Gp IIb/IIIa inhibitor for STEMI patients undergoing primary PCI is beneficial compared to UFH with Gp IIb/IIIa inhibitor. The rate of cardiac death or myocardial infarction in 30 days was lower in the LMWH with low dose UFH during PCI with Gp IIb/IIIa inhibitor group than in the UFH with Gp IIb/IIIa inhibitor group. Heparin has been reported to modify platelet function in vitro and in vivo in both patients and healthy individuals. In vitro, low doses of heparin are more apt to reduce platelet aggregation, while high doses are more likely to increase it (19, 20) . In unstable an- gina, UFH increased the percentage of activated platelets, and platelets became hyperresponsive to stimulation with adenosine diphosphate (ADP) and thrombin receptor agonist peptide (TRAP) (11) . Several clinical studies, including the GOLD study, IMPACT II, and the GUSTO IV-ACS trials, demonstrated the adverse effects of concomitant UFH and Gp IIb/IIIa inhibitor administration (21) (22) (23) . LMWH may be less likely than UFH to induce platelet activation (10, 11, 24) . LMWH is more convenient than UFH as it has a more stable and predictable dose response. Anti-Xa levels correlate with the anticoagulant effects of LMWH but cannot be routinely monitored in the catheterization laboratory (3). LMWH reduces ischemic events more effectively than UFH in patients treated conservatively for non-ST-segment elevation acute coronary syndrome. Furthermore, in high-risk patients undergoing early percutaneous coronary intervention for acute coronary syndrome, LMWH avoids the need for monitoring and achieves similar effectiveness to UFH but has been associated with more bleeding (3).
According to a 2007 meta-analysis of trials, including the AS-SENT-3 trial, ASSEMT-3 PLUS trial, and ExTRACT-TIMI 25 trial, which compared UFH to LMWH in over 27,000 STEMI patients receiving fibrinolytic therapy, LMWH was shown to be better than UFH in ST-elevation acute myocardial infarction (STEMI) patients receiving fibrinolytic therapy (23) (24) (25) . Furthermore, a substudy of the FINESSE trial (Facilitated INtervention with Enhanced Reperfusion Speed to Stop Events showed that enoxaparin was beneficial in primary and facilitated percutaneous coronary intervention (8) . In the KAMIR data, enoxaparin plus a reduced dose of UFH (50 U/kg) during PCI in acute STEMI patients undergoing primary PCI with drug-eluting stents (DES) showed lower incidences of in-hospital cardiac deaths and total deaths compared to those from UFH alone (18) . However, medications including Gp IIb/IIIa inhibitors in both groups were different in this study. As a result, we considered the benefits of concomitant LMWH administration with Gp IIb/IIIa inhibitor (21-23, 26, 27) . In the present study, the group that received Gp IIb/ IIIa inhibitor showed more benefits of LMWH with low dose UFH during PCI than UFH alone, the group without Gp IIb/IIIa inhibitor did not.
This study has several limitations. KAMIR is the largest registry of patients with acute myocardial infarction in Korea. We could not analyze the relationship between anticoagulant dose and risk of bleeding, and laboratory finding of activated partial thromboplastin time. The use of Gp IIb/IIIa inhibitor was limited due to medical insurance in Korea. Therefore Gp IIb/IIIa could be used in very high-risk patients with STEMI. This analysis needs a large scale, randomized prospective study to form conclusive results. Platelet glycoprotein IIb/IIIa receptor blockers during PCI were used at the discretion of the interventional cardiologists.
In conclusion, for STEMI patients managed with a primary PCI and Gp IIb/IIIa inhibitor, LMWH plus a reduced dose of UFH (50 U/kg) during PCI is more beneficial than UFH. 
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